The influence of an increased Si and reduced C and Mn content on structure and mechanical properties of HSLA steel plate with low carbon equivalent is investigated. With a C content of 0.06 . . . 0.08 % Mn should be 2 0.8 %, and Si concerltrations up to 1.0 % may be used.
On air cooled 30 mm plate (CE (IIW) = 0.30 %, FRT -850 "C) Re 5 420 MPa and Ttr < -70 "C has been obtained.
Traditionally it is considered that in low-carbon structural steels a Si content of up to 0.3 ... 0.5 % improves strength and toughness, whereas contents above 0.7 ... 0.8 % are detrimental to toughness. Therefore, the Si content in fine-grained HSLA steels is usually limited to 2 0 . 5 or < 0.6 % (see e.g. EN 10025, EN 10113, prEN 10028). On the other hand, most carbon equivalent formulas characterizing the weldability of steels (with respect to hardenability and cold cracking susceptibility in the heat affected zone) consider the Si content either with a low weight factor or not at all. Thus the present work was aimed at investigating the possibility to improve the weldability of HSLA steel without deteriorating its strength, ductility and toughness by lowering the C and Mn concentration which results in a distinct reduction of the carbon equivalent value. The resulting loss in strength is compensated by an increase in Si content taking advantage of the higher solid solution hardening effect of Si (-84 MPaIm-%) as compared to Mn (-32 MPaIm-%) (1)-(3). The present paper concentrates on structure and mechanical properties of these steels.
EXPERIMENTAL
The experimental steels were molten either in a 8 kg laboratory vacuum induction furnace or in a 5.5 t electric arc furnace. In the laboratory melts, the Si content was varied between 0.87 and 1.24 %, the Mn between 0.30 and 1.29 %, and the C content was 0.08 .. . In a few cases accelerated cooling with 15 K/s from a FRT of 860 "C to 550 "C was applied. In addition to TM rolling the plates were investigated after normalization at 870 . . . 980 "C I 1 30 min.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993713 a) Phase transformation behaviour As is well known, the C, Mn, and Si concentrations influence the phase transformation behaviour of the steels. The Ar3 and Acg temperatures increase with increasing Si and decreasing C and Mn content. Their respective values have to be taken into account when fixing the parameters of the TM rolling and normalizing heat treatment. b) Ferrite-pearlite structure Mn contributes to both solid solution hardening and ferrite grain refining. A diminution of the Mn content causes an increase of the mean ferrite grain size ( fig. la) and a broadening of the grain size distribution expressed by the parameter Dx95/dx, i.e. the 95 % quantile of the grain size distribution divided by the mean grain size value ( fig. lb) . Si acts on structure and properties mainly via its solid solution hardening effect and has only a weak influence on ferrite grain size ( fig. 2) . In TM rolling the FRT should be adapted to the Ar3 temperature. In order to get a fine-grained and homogeneous ferrite-pearlite structure the yla transformation should start near the end or immediately after finish rolling. At low FRT < 800 "C a strongly deformed structure with ferrite grains elongated in the rolling (x) direction is obtained ( fig. 3 ). c) Mechanical properties With increasing Mn content and an adapted FRT a ferrite grain refinement and an increase in strength and toughness is obtained ( fig. 4a, b) . Considering fig. l The increase in strength caused by a higher Si content is mainly due to solid solution hardening and therefore connected with a certain decrease in toughness. However, even a 20 mm plate (FRT = 851 "C) with 1,2 % Si has a transition temperature of 5 -60 "C and a yield strength of 450 MPa ( fig.  5a, b) .The influence of a normalizing heat treatment on strength and toughness is shown in fig. 6a , b. With increasing normalizing temperature a decrease in strength and toughness is observed which is due to the formation of a coarser ferrite-pearlite structure. Considering the relatively high Ac3 temperature of the steels with high Si and reduced C and Mn content, the temperature and duration of the normalizing heat treatment should be as low as possible to ensure a fine-grained structure after normalization.
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